WORU> INTEULECTUAL PROPERTY ORGANIZ/VHON 
Ititeniatioiial Bureau 




PCX 

INTERNATIONAL APPLICATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCI) 



(51) International Patent Classification ^ : 
B29D 11/DO 



A2 



(11) International Publication Number: WO 98/42497 

(43) bitemational Publication Date: 1 October 1998 (01.10.98) 



(21) International AppUcation Number: PCr/EP98/01698 

(22) International FQing Date: 23 Maich 1998 (23.03.98) 



(30) Priority Data: 
08/824,860 



25 March 1997 (25.03.97) 



US 



(71) Applicant {for all designated States except AT): NOVARTO 
AG [CH/CH]; Schwarzwaldallce 215, CH-4058 Basel (CH). 

(71) AppUcant (for AT only): NOVARTIS-ERFINDUNGEN VER- 
WALTUNGSGESELLSCHAFT MB.a [AT/ATI; Bninner 
Strasse 59, A-1235 Viama (AT). 



(72) Inwitors: HERBRECHTSMEIER. Peter; 

Priediich-Stoltzo-Strasse 10. D-61462 Kdnigstein 
(DE). BAUR. Kari-Albeit; Unzhalde 19, D-70806 Kom- 
westheim (DE). BIEL, Roger, Am Leisrain 27, D-65936 
Frankfort am Main (DE). (jOLBY, John; Laburnum 
Cottage, 41 Main Street, Wymondham, Leicestershiie LE14 
2AG (GB). HAUCK, Roland; Am Rosenhang 2, D-78355 
Hohenfels (D^. HAGMANN, Peter, Justin Kixchgdssner 
Strasse 2, I>~63906 Erlenbach am Main (DE). HEINRICH, 
Axel; Kari-inrich-Strasse 16, D-64850 Schaafheim (DE). 
KRETZSCHMAR, Otto; Neurddcr Wcg 35, D-64683 Ein- 
hauswi (DE). LANG, Anette; Hassclstrasse 25, I>-63762 
Giossostfieim (DE). MOlLER, Achim; Kastanienweg 
39, D-63741 Aschaffenburg (DE), SCHULZ, Thomas ; 
Buchcnbusch 94, D-^3263 Neu-Iscnburg (DE). SEEPER- 
LING, Bemhard; Dr. Wohlfahrt Strasse 6. D-63773 
Goldbach (DE). STEFFAN, Werner, Wcngertsberg 17, 
D-63928 EichenbOhl (Dl^. 

(74) Agent: BECKER, Komad; Novartis AG, Patent- und Maiicen- 
abteilung, Lichstrasse 35, CH-4002 Basel (CH). 



(81) Deagnated States: AL, AM, AT, AU. AZ, BA, BB, BG, BR. 
BY. CA, CH. CN. CU, CZ. DE. DK, EE. ES, H, GB. GE. 
GH. GM. GW. HU, ID. IL. IS. JP, KE, KG. KP, ICR, KZ, 
LC, LK. LR, LS. LT, LU, LV, MD, MG. MK, MN. MW, 
MX. NO. NZ, PL, PT. RO. RU. SD. SE. SG, SI, SK, SL, TJ, 
TM. TR, TT, UA. UG, UZ, VN, YU, ZW, ARIPO patent 
(GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM). European patent 
(AT. BE, CH. DE. DK, ES, FI, FR, GB, GR, IE, FT, LU. 
MC, NL. PT. SE), OAPI patent (BP. BJ, CF. CG, CI, CM, 
OA, C»l. ML, MR, NE, SN, TD, TG). 



Published 

Without international search report and to be republished 
upon receipt of that report, 



(54)Tltte: MOLDING PROCESSES 



□ □ CZ] □ 



<5= 
=0 



(57) Abstract 



Efficient and consistent processes for manufacturing moldings, especially ophthalmic lenses such as contact lenses. The processes 
comprise a series of improvem^ts. including improvements in the areas of conditions for dispensing liquid prepolymer into lens molds, male 
and female mold mating, reusable molds, mold cleaning, lens separation from molds (demolding), lens handling, and in-line inspection. 
Cyclic series of processmg steps are also disclosed. Additionally, an improved molding tool is disclosed, widi the molding tool including 
a male mold housing and a female mold housing, each of which has disposed therein a plurality of mold halves. 



IN THE CLAIMS 
Please amend the claims as follows: 



1 . (original) A method of manufacturing a replica, which method comprises the provision of a 
polymerizable resin composition between a front mold having a pre-shaped surface, and a back mold 
having a pre-shaped surface, carrying out a curing treatment and removing the replica thus 
manufactured from the molds, which replica comprises a solid body onto which die shape of the 
surface of the front mold and the shape of the surface of the back mold have been reproduced, 
characterized in that the curing treatment is a UV-light initiated cationic polymerization, the resin 
composition used being a compound comprising at least two cationically polymerizable cyclic ether 
groups, which only shows signs of gelation when at least 30 % of the conversion that can be 
achieved in the mold under the relevant curing conditions has taken place. 

2. (original) A method as claimed in claim 1, characterized in that the resin composition further 
comprises a reactive diluent. 

3. (currently amended) A method as claimed in claim 1 2 claim h characterized in that the 
compound is represented by the following general formula: 



(X)a 



(X)b 



Z-(R2)m-0— (Ri)c- 




(Ri)c"0^(R2)n-Z 



wherein: 
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R3 



Z =-CH2-C-[CH2]p — , 

o — 



L 



R3 - H, CnH2n+l, 

n = an integer > 1, 
P=l-4, 

m, a, b, c are each individual integers in the range from 0-4. 

4. (currently amended) A method as claim ed in claims 1 2 claim L characterized in that ttie | 
compound is selected from the group^fomed byj ),2,7,8-diepoxyoctane, 3,4-epoxycyclohexylmethyl- 
3*,4'-epoxycyclohexanecarboxylate, bis^374^^^xycyclohexylmethyl)adipate, bis(3,4-epoxy-6- 
methylcyclohexylmethyl)adipate and Ci2-Ci4-alkylglycidylethCT and the corresponding oxetane 
compounds thereof, in particular l,4-bis[ (3-ethyl-3-oxetanylmethoxy)methyl] 

benzene. (J) VJL«5 rfi.m <k rejuJtrO»^ cl'^xJ^^ . 

5. (currently amended) A method as claimed in claims i ^ claim L characterized in that for the j 
reactive diluent use is made of a compound selected from the gro^ formeoBysbutylglycidylether, 
heptylglycidylether, octylgjycidylether, allylglycidylether, p-t-but^fjhoijd^yadylether, 
phenylglycidylether, cresylglycidylether, diglycidylether of 1,4-butanediol, diglycidylether of 
neopentylglycol, diglycidylether of polypropeneglycol, vinylcyclohexanedioxide, diglycidylether of 
recorcinol, diglycidylether of polypropeneglycol and diglycidylester of linoleic acid dimer and the 
corresponding oxetane compounds thereof 

6. (original) A replica obtained by carrying out a UV light-initiated cationic polymerization of a 
compound comprising at least two cationically polymerizable cyclic ether groups, which compoxmd 
only exhibits gelation when at least 30 % of the conversion that can be achieved in the mold under 
the relevant curing conditions has taken place, if necessary in the presence of a reactive diluent. 
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7. (original) A replica as claimed in claim 6, characterized in that this replica comprises a relief 
structure on at least one side, which relief structure must meet high (sub-micron) requirements with a 
view to the necessary accuracy of form. 



8. (currently amended) A replica as claimed in claims 6 7 claim 6. characterized in that the replica 
obtained is an optical component. 

9. (original) A replica as claimed in claim 8, characterized in that the optical component obtained is 
an (a)spherical lens, a lens array, a prism, a grating or another relief structure for optical 
applications, or a combination thereof 

10. (currently amended) A replica as claimed in claims 6 9 claim 6 , characterized in that the 
compound is represented by the following general formula: 



(X)a 



(X)b 



Z-(R2)nr-0— (Ri)c- 




(R|)c-0-(R2)n-Z 



wherein: 



Y = .0-, .SO2-, -CH2-, -C(CF3)2-, "C(CH3)2"C(=0)-, -0-C(=0)-, -0-C(=0).0- 
X =a halogen or CH3, 
Ri = -CH2-, -C(CH3)2-, 

R2 = -OCH2CH2-, -OCCH3HCH2-, "OCH2CCH3H-, -OCH2CHOHCH2-, 



Z=.CH2-C.[CH2]p 




R3 - H, CnH2n+l, 
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n = an integer > 1, 
P = M. 

m, a, b, c are each individual integers in the range fipom'0-4. 



1 1 . (currently amended) A replica as claimed in olQims6 1 0 claim6 . characterized in that the 
compound is selected from the grouj/tomiea b£^,2,7,8-diepoxyoctane, 3,4-epoxycyclohexylmethyl 



3',4'-epoxycyclohexanecarboxylate, bis(3,4-epoxycyclohexylmethyl)adipate, bis(3,4-epoxy-6- 
methylcyclohexyl-methyl)adipate and Cu-Cn-alkylglycidylether and the corresponding oxetane 
compounds thereof, in particular l,4-bis[ (3-ethyl-3-oxetanylmethoxy)methyl]benzene. 

12. (currently amended) A replica as claimed in oloiins 6 1 1 c laim 6, characterized in that for the 



heptylglycidyleiher, octylglycidylether, allylglycidylether, p-t-btitylphcnylglycidylether, 
phenylglycidylether, cresylglycidylether, diglycidylether of 1,4-butanediol, diglycidylether of 
neopentylglycol, diglycidylether of polypropeneglycol, vinylcyclohexanedioxide, diglycidylether of 
recorcinol, diglycidylether of polypropeneglycol and diglycidylester of linoleic acid dimer and the 
corresponding oxetane compounds thereof 




reactive diluent use is made of a compound selected from thg groui/:^rmed by^tylglycidylether, 
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MOU3ING PROCESSES 

The invention relates broadly to molding technology. More specifically, Ais invention relates 
to ophthalmic lens molding processes. In a preferred embodiment, the invention relates to 
contact lens molding processes. 

The formation of articles by dispensing a polymerizable and/or crosslinkable liquid material 
into a mold has been used in a wide variety of technological areas. Of particular interest is the 
molding of medical devices, such as ophthalmic lenses. One type of ophthalmic lens which is 
widely used for vision correction is the contact lens. 

Contact lenses are manufactured by a number of processes. One traditional q>proach of lens 
manufacture is to form a Iras blank by polymerization of liquid monomers in a lens blank mold, 
then mechanically lathe the lens blank into a finished contact lens. Typically these lathed lenses 
are subjected to a subsequent polishing step to remove imperfections generated during the 
lathing process. More recently, double-sided molding (DSM) processes have been developed. 
These processes typically involve dispensing of a liquid monomer into a female mold half, 
mating a male mold half to the female, and then qqplying ultraviolet radiation to polymerize the 
monomers. The polymerized lens removed from the molds in a DSM process does not usually 
require surface polishing, but subsequent extracdon of unreacted monomer or solvent is 
commonly required. 

U.S. Patent No. 5,508317, issued to Beat Miiller on Apr. 16, 1996, discloses remaricable 
improvements in the chemistry of the polymoizrble matmal for molding ophttialmic lenses by 
providing a method of molding contact lenses without the need to remove unr'.acted monomer 
or solvent. This patent disclosed a water soluble prepolymer composition which can be 
dispensed into lens molds and crosslinked to form a finished optical-quality contact lens in a 
matter of seconds, without the necessity for subsequent extraction steps. 

European Patent Application No. 637,490, published on Feb. 8, 1995, discloses some 
outstanding methods of molding the prepolymer materials of U.S. Patent Wo. 5^08317. One 
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embodiment of the invention involves introducing ciosslinkable niaterial into a two-part moId» 
wherein the mold halves aie held a small distance from one another so that a thin annular is 
fomied between thent The gap is m fluid communication with the mold cavity, so excess 
prepolymer may escape through the gap. Crosslinking of the prepolymer occurs by application 
of radiation, e.g., UV light, with the impingement of the radiation being restricted to the mold 
cavity by masking, i.e. blocking light impingement, in the areas outside the mold cavity. The 
molding teadiings of U.S. Application No. 087274,942, Hagmaim, et al., is incorporated herein 
by reference. 

c 

However, improvements in the efficiency of molding processes arc always deskable. Thus, 
there is a need for molding production process in^rovonents which reduce product cycle time, 
increase finished product quality, improve product consistency, and reduce the consumption of 
processing materials. In addition, reductions in environmrat impact are always desirable, e.g. 
by reducing the number of molds which must be recycled and/or trashed 

An object of the invention is to improve the efficiency of molding processes, especially contact 
lens molding processes. 

Another object of the invention is to increase the consistency and quality of molding processes, 
especially contact lens molding processes. 

A further object of the invention is to reduce the quantity of materials consumed in molding 
processes, especially contact lens moldmg processes. 

Yet another object of the invention is to reduce the environmratal impact of molding 
processes, especially contact lens molding processes. 

These objects and other advantages are achieved by the various embodiments of the invention 
described in detail herein. 
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One embodiment of the invention is a process for the semi-continuous production of 
opbthahnic lenses which includes a cyclic portion in which the mold halves are continuously 
reused for a number of cycles. 

Yet another embodiment of the invention is a process of disposing crosslinkable material into 
a mold half, in which (he dispensing is conducted (a) in an atmosphm having a relative 
humidity of at least 55% (preferably about 60% to about 80%); (b) at a hei^t of about 0.1 
nmtoaboutSmmfromasurfaceof a mold half (preferably about 1 to3mm and more 
preferably about 1 .5 to 2.5 nun); and (c) at a horizontal distance of about 1 to about 6 mm 
(preferably about 4 to 6 nun) from the central axis of syrmnetry of the mold half. 

Still another embodiment of the invention is a process of mating a male mold half and a female 
mold half in a two step motion, which includes (1) angularly articulating one mold half toward 
the other mold half over a angle of about 90** to about 270° (preferably about 180°) followed 
by (2) moving the one mold half toward the other (or moving both mold halves toward each 
other) in a substantially linear motion while the mold surfaces are substantially parallel to one 
another. 

A further embodiment of the invention is a molding assembly housing a plurality of male and 
female mold halves. The molding ass^nbly housing includes (a) a male molding ass^hbly 
housing a plurality of male mold halves removably affixed thereto; and (b) a female molding 
assembly housing a plurality of female mold halves removably affixed thereto. The assemblies 
are affixed to one another such that the male assembly may be pivoted to a position in which 
the male and female mold halves are essentially parallel to one another, and then may be moved 
in a linear direction in order to mate. 

Yet a further embodiment is a process for inspecting peripheral areas of an ophthalmic Ijsds 
which is grasped in a central area of the lens and stabilized, preferably both coitrally and 
peripherally. The peripheral inspection process includes the steps of (a) grasping and 
stabilizing an ophthalmic lens in a central region; (b) illuminating a peri{Aeral region of die 
ophthalmic lens; (c) forming an image of the peripheral region of the ophthalmic lens with a 
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camera means; and (d) evaluating the image in order to detennine wheth^ to reject a lens 
and/or adjust process parameters. 

Still a further embodiment of the invention is a process of producing a finished ophthalmic leas 
product from crosslinkable and/or polymerizable material which is completed in less than about 
20 minutes. 

FIG. 1 is schematic illustration of a process flow arrangement in accordance with one 
embodiment of the invention. 

FIG. 2A illustrates a plan view of one embodiment of a molding tool in open position. 

FIG. 2B shows an end sectional view of the HO. 2A molding tool embodiment in open 
position. 

FIG. 2C shows an end sectional view of the FIG. 2A molding tool embodiment in closed 
position. 

FIG. 3 depicts one embodiment of the arrangement for dispensing prepolymer into a lens mold 
half. 

FIG. 4 shows one embodiment of the central lens body inspection step of the inventioiL 

FIG. 5 A shows an end sectional view of the initial linear movement of the male mold half in 
the mold opening step. 

FIG. 5B shows an end sectional view of the final articuladon of the male mold half in the mold 
opening step. 

FIG. 6 shows a sectional view of one embodiment of the mold half cleaning step vftdch occurs 
subsequent to molding. 



wo 98/42497 PCT/EP98/01698 

-5- 



FIGS. 7A-C illustrate the movement of a lens from a male mold half to a female mold half in a 
side sectional view. 

FIG. 8 shows a sectional view of an inspection process for inspecting the peripheiy of an 
ophthalmic lens. 

One embodiment of the invention is a process for the continuous production of ophthalmic 
lenses in which a portion is cyclic and m which the mold half or halves are reused, i.e., recycled 
into the process for a number of cycles. The various embodunents of the mvention are 
described with respect to the preferred ophthalmic lens embodimrat, however, various 
embodiments of the invention are not limited to a specific type of molding. ^'Ophthalmic 
lenses", as used herein, refers to any medical or vision correction devices which are used in the 
ocular environment, including contact lenses, intraocular lenses, corneal onlays and inlays, 
ocular drug delivery devices, ocular wound healing devices, and the like. 

The cyclic portion of the lens production process generally involves dispensing a liquid 
crosslinkable and/or polymerizable material into a female mold half, mating a male mold half to 
the female mold half, irradiating to crosslink and/or polymerize, separating the mold halves and 
removing the lens, cleaning the mold halves and indexing the mold halves to the dispensing 
position. 

The process may utilize a variety of polymerizable and/or crosslinkable materials. However, it 
is preferred that the polymerizable and/or crosslinkable materials may be polymerized and/or 
crosslinked in a short time, i.e., within the cycle time of one or two st^ of the process, e.g., 
in less than a minute, more preferably in less than 30 seconds, and even more preferably in less 
than 10 seconds. A preferred class of crosslinkable and/or polymerizable materials is described 
more fully herein below. For convenience, the terms "prepolymer** and "polymer precursor** 
will be used herein interchangeably to describe crosslinkable and/or polymmzable materials. 
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The semi-continuous, partially cyclic molding processes of the present invention take 
advantage of the reuse or recycling of the mold halves used to retain the liquid prepolymer 
material and give the moldings their sbi^. In one CTibodiment, the mold halves are used at 
least 1000 times, i.e., each pair of mold halves produces at least 1000 moldings before being 
discarded or refurbished. Preferably, the mold halves are reused at least 10,000 times, more 
pieferably at least 100,000 times, and even more preferably, the mold halves are reused at least 
1,000,000 times. 

Reuse of the molds, or at least one mold half, offers a number of advantages over the prior art 
processes, in whidi plastic molds are discarded after one use. One advantage of mold half 
reuse is that the amount of mold halves which are discarded or recycled is remarkably reduced. 
This can reduce molding manufacturing costs, which reduces tfie price charged to the customer 
for the molding. Also, employuig reusable mold halves mstead of enq)loying single-use mold 
halves reduces the ultimate scrap imposed upon tfie envhx>nment, which must always be a goal 
of manufacturing operations. Furthermore, single-use mold halves offer more chances for 
molding inconsistency merely because of each molding requires two new mold halves, each of 
which may contain one or more defects. Yet another advantage is that reusable mold halves 
eliminate the need for mechanisms which will feed, orient and store die multitude of single-use 
mold halves required for such a production process. Each of these mechanisms is cosdy in 
itself, and each mechanism may independently fail, thereby reducing overall process 
throughput Still another advantage of reusable mold halves is that extremely high quality 
mold halves may be used, and higher mold quality generaUy translates into higher quality 
finished lens products. Even another advantage is that die use of die same mold halves 
repeatedly ensures the consistency and reproducibility of die molded product Thus, the 
advantages of reusable moldings in a semi-continuous, partially cyclic process are numerous. 

It should be noted that the innovative cyclic portion of the lens production process does not 
require reuse of both mold halves, although this is one preferred embodiment. For example, 
repeated use of a s^es of male mold halves in conjunction with disposable female mold halves 
offers certain advantages. One advantage of such reusable/disposable mold process is that the 
female mold halves may be adapted for use as both a female surface molding instrument and 
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for use as a portion of the final lens package. In this embodiment, a portion of the Iras 
packaging process may be eliminated, namely, the portion related to production of contact 
lens-retaining packages. 

Further innovative aspects of the molding processes will be described more thoroughly with 
respect to a preferred embodiment of the overall process described herein below. 

A. MOLDING PROCESSES 

One preferred embodiment of the invention, shown sdiemadcally in HG.l, is a process for the 
manufacture of a molding, especially a contact lens, which includes the following steps: 

(a) dispensing liquid prepolymer into a mold half or halves, preferably a plurality of 
female mold halves; 

(b) closing the mold(s), e.g., by mating the male mold half with the finale mold 
half (or plurality thereof); 

(c) crosslinking and/or polymerizing the prepolymer material to form a solid 
molding; 

(d) inspecting the central region of the molding(s); 

(e) opening the mold(s), e.g., by separating the male mold half from the female 
mold half; 

(f) removing unreacted prepolymer from tiie mold(s) and mold!ng(s); 

(g) applying water to the female mold half to facilitate centring the molding(s), 
which may already be located on the female mold halves or may subsequently 
be transferred from the male mold half ; 

(h) transferring any molding(s) on ttie male mold half or halves to the female mold 
half or halves (or vice v^a); 

(i) centering the molding(s) on the mold half or halves (optionally passively 
accomplished); 

(j) removing the molding(s) for paclcaging; 
(k) inspectingtheperiphery of themolding(s); 
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(I) cleaning the mold(s); and 

(m) indexing die mold(s) to a position for piepolymer dispensing. 

It should be noted at the outset that the ordering of some of the steps is not highly critical. For 
example, although dispensing prepolymer, closing molds and crosslinking must occur in a 
sequential order, the inspection steps may occur in a variety of locations throughout the 
process. In addition, some of the steps are optional in the broader aspects of the invention, 
such as inspecting, centering or transferring. Furthmnore, some of the steps or stages of the 
process, such as the p^pheral and body inspection stages, may be combined into one stage. 

The cycle times for the steps may vary, depending on a number of factors, such as the specific 
polymeric composition and die dimensions of Ae molding. Qearly, it is prefened to minimize 
cycle times in ordor to maxinoize production rates. Preferably, individual cycle tunes are less 
than about one minute each, more preferably less than about 30 seconds, even more preferably 
less than about 10 seconds, and most preferably less than about 6 seconds. In a preferred 
embodiment, a fmal molded product can be formed from the initial prepoljmier material, 
inspected and separated from the mold in a period of less than about 20 minutes, more 
preferably in less than about 10 minutes, even more preferably in less than about 2 minutes, and 
most preferably in less than about 1 minute. 

The molds used to form the ophthalmic lenses are preforably double-sided molds, i.e., die 
complete mold includes a male (convex or base curve) mold half and a female (concave or 
front curve) mold half. However, various embodiments of the invention may be utilized with 
other types of molds. 

1. Molding Tool 

The semi-continuous, partially cyclic molding process may be operated with a single mold 
cycUng through the process. However, in a preferred embodiment, the process utilizes a 
plurality of molds arranged and aligned in a molding tool, in order to improve process 
efficiency. For example, FIG. 2A illustrates a plan view of one embodiment of a moldmg tool 
20 having an array of ten complete molds. Molding tool 20 includes an anay of ten female 
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mold halves 22 removably positioned in a first housing 24. Molding tool 20 fuitfaer includes an 
array of ten male mold halves 26 removably positioned in a second housing 28. First housing 
24 is affixed to second housing 28 by a pivoting means 30, which allows second housing 28 to 
articulate towards fu^t housing 24 in order to releasably mate the male and female mold halves. 
Thus, first housing 24 is hingedly affixed to second housing 28. 

In operation, liquid prepolymer (or a solution or dispersion thereof) is dispensed into female 
mold halves 22. Male mold halves 26 are mated with female mold halves 22 by rotating and 
linearly moving second housing 28, as showing by the arrow in FIG. 2B. Molding tool 20 is 
shown in a closed position (i.e., molding position) in FIG. 2C. In FIG. 2C, all ten pairs of 
mold halves arc mated, thereby defining ten molding cavities 32 in which a lens may be formed. 

The mold halves may be formed from a number of materials, at least one of which transmits 
the desired radiation for crosslinking and/or polymerization, preferably in the ultraviolet range. 
One preferred material which may be used for reusable molds is quartz. The reusable mold 
half is preferably the male mold half. Preferably only one mold half transmits sufficient 
radiation while the other does not. Quartz offers substantial advantages in durability, thereby 
allowing the molds to be reused a remarkable number of times without affecting product 
quality. However, quartz molds are quite expensive. Alternatively, the mold halves may be 
molded from a polymeric material, at least one of which transmits the desired radiation. 
Exanq>les of suitable mold materials include polystyrene, polypropyloie and poly(aciylonitriles) 
such as B AREX. 

In a preferred embodinoent, the mold halves of at least one of the set of male mold halves or 
the set of female mold halves mcludes a p^pheral region which blocks li^t (especially UV 
light) during polymerizing and/or crosslinking. Use of such a light blocking periphery enables 
a precise definition of the edge of the lenses which are formed. This region may be produced 
by depositing a metallic coating in the region outside the lens forming surfaces of the mold 
halves. 
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2. Prepolymer Dispensing 

During the dispensing stage, prepolymer (e.g., crosslinkable poly(vinyl alcohol) polymer 
precursor solution) is dispensed into a plurality of fenwle molds, which may be arranged in 
rows (e.g. two rows of five each as shown in FIG. 2A). Pr^lymer dispensing conditions may 
have significant impact on final molded lens quality. Thus, dispensing conditions of humidity, 
height from the dispensing tip to the bottom of the female mold surface, and distance from ttie 
dispensing tip to the side of the female mold surface are controlled to minimize defects. 

FIG. 3 shows a preferred prepolymer dispensing airangraient 40. Dispensing means 42 (e.g., a 
syringe or dosmg needle) includes a tip portion 44 through which pcepolymer passes to fill 
female mold half 46. Tip portion 44 is positioned above female mold half 46 a distance * V 
fiom bottom surface 48 and a distance "a*' from central axis SO of the mold. The dispensing tip 
is preferably (1) within a certain distance *'a" ftom the center axis of the mold (off axis) and (2) 
within about 1-3 mm fit>m ihe female mold half. Preferably, dispensing means 42 is in contact 
with the dispensed liquid contained in the female mold after completion of dispensing (i.e., 
touching the prepolymer surface) to avoid detrimental bubbles. 

Air bubbles, depending on their location, may cause defects in the final lens product. The 
defects may impair structural integrity, thereby resulting in tears, or, more conmionly, die 
defects may cause optical imperfections which impair the consumer's vision. It is impCMlant to 
note that bubbles are frequently formed, but if the bubble is located near caou^ to the edge it 
may be removed (i.e., ''squeraed out**) during the step of nmting the male mold half to the 
female mold half. Moreover, it is preferred to overdose or overfill ttie female mold half in 
order to minimize defects, especially those related to edge problems. 

In a preferred embodiment, distance ''a** from mold central axis SO is about 3 to about 7 mnt 
More preferably, distance "a*' is about 5 to about 6 nun. 

In a preferred embodiment, distance "b** from dispensing tip portion 44 to mold bottom surface 
48 is about 0.1 to about 4 mm. More preferably, distance *1>** is about 1 to about 3 mm, while 
even more preferably the distance is about 1.S to about 2.S mm. Maintaining distance this 
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small pievmts die droplets or liquid stream from being disposed at a height sufficient to 
generate bubbles which may result in defects. 

High humidity is preferred during the dispensing step in order to prevent the formation of a 
surface film or "skin" and/or the generation of bubbles during the filling process. The relatively 
high humidity inhibits drying and dehydration of the prepolymer solution at the dispensing tip. 
Preferably, the relative humidity s\irroimding the prepolymer during dispensing is about 55% or 
greater. More preferably, about 60 to about 80 percent relative humidity is maintained during 
dispensing. Furthermore, high humidity helps to avoid Schlieren optics defects in the lenses. 

Another factor relating to Ae prepolymer solution dispensing step which should be selected 
with care is the diameter of the dispensing tip. A diameter which is too smaU or too large may 
cause bubbles to be generated. A preferred dispensing tip diameter is about 0.5 mm to about 
4.0 mm, more preferably about 0.5 mm to about 2.0 mm and even more preferably about 1 to 
about 1.5ixmi. 

A "skin" may form on the surface if too much time closes before molding, especially if 
humidity is low, due to dehydration. Accordingly, the time from final dispensing of 
prepolymer to the closing of the molds should be minimized. Preferably, the time from 
dispensing to mold closing is less than about 30 seconds, more preferably less than about 15 
seconds, and even more preferably less than about 8 seconds. 

3. Mold Closing 

The molding assembly is closed preferably immediately subsequent to the prepolymer 
dispensing stage. The male mold housing is preferably attached by a pivot means or hinge 
means to the female mold housing. Closing of the molds is preferably accomplished in a two 
step motion, which includes (1) angularly articulating one mold housing toward the odier mold 
housing followed by (2) moving one mold housing toward the other (or moving both mold 
housings toward each other) in a substantially linear motion while die mold surfaces are 
substantially parallel to one another. Thus, in one embodiment, closing of die molds is 
effectuated by first rotating or pivoting the male mold housing (and removably affixed array of 
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male mold halves) about the hinge n^ans to a mating position with tibe corresponding female 
mold housing (and removable affixed array of female mold halves). Hie angle of rotation 
depends on the desired resting position of the male mold housing relative to the female mold 
housing prior to the mold closing stage. Preferably the angle of rotation is about 90 to about 
270 degrees (preferably about 150" to 210°, more preferably about 170° to 190°). 

The first movement, i.e., the angular articulation, preferably occurs at a relatively fast rate, 
while the second movement, i.e., the linear motion, occurs relatively slowly. The angular 
articulation preferably occurs in less than a second (e.g., a rate of about I00-S007second, 
more preferably about 20C)-30(yysec.). The linear movement may occur at a rate which does 
not cause substantial defects or process downtime, e.g., a rate of about 0.1 to 2 mm/second, 
and preferably about 0.5 to 1 mm/sec. It is preferable to minunize the linear motion so that the 
speed of the overall process is maximized. Thus, the linear distance preferably occurs over a 
distance of less than 6 nmi, more preferably about 1 to 3 nun. 

While it is generally preferred to minimize the time required to close the molds, excessive mold 
half mating speeds may cause defects. Excessive mating speeds may cause bubbles to form or 
may inhibit the escape of bubbles already present in the prepolymer solution. 

Yet, this angular articulation speed is somewhat dependent upon the location of the mold 
halves relative to the hinge means which affixes the male and female mold housings to one 
another. Typically all of the mold halves are positioned less than about 25 cratimeters from 
the hinge means. In this case, the angular articulation speeds described above are typically 
acceptable. It should be noted that a salient characteristic to consider in setting the angular 
articulation speed is the production of a high quality product Accordingly, while the angular 
articulation speeds stated herein are good guides, the angular articulation speed used in a 
particular tooling arrangement should be chosen to minimize lens defects, and secondly, to 
maximize production volumes. 

As mentioned earlier, it is desirable to minimize the time required for mold closing, as it is 
desirable to minimize processing times in any steps of manufacturing. Accordingly, angular 
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ardculatioD speeds may be maximized in regions in which lens defects will not be generated by 
high articulation speeds. In one piefened embodimmt, a mechanical mechanism is used in the 
final closing motion in order to ensure a reduced rotation speed. 

Another aspect of the mold closing process which may affect the rate of defects formed in the 
lenses relates to whether all of the mold halves experience substantially the same mold closing 
conditions. It is highly preferable to close all of the molds substantially simultaneously and at 
substantially the same speed. If the molds are all closed at the same time, all of the finished 
products will have experienced the same tune delay from mold closing to tfie polymerizmg 
and/or crosslinking step. Unifonnity of mold closing speeds and times improves product 
quality and consistency. Accordingly, it is highly preferred to bring the mold housings to a 
position in which the molding faces are substantially parallel with one another before 
effectuating the final linear movement 

4. Initiating Crosslinking and/or Polymerization 

Subsequent to the mold closing step, polymerization and/or crosslinking is initiated, thereby 
transforming the liquid prepolymer into a solid form, with the form being determined by the 
mold halves. Preferably, the molding tool is indexed to another stage in which a form of 
radiation is impinged upon the molds, which allow substantially all of the radiation to transmit 
therethrough, and thereby contact die liquid prepolymer. Preferred wavelengths of radiation 
are m the ultraviolet (UV) range. 

The irradiation period is preferably less than about S minutes, more preferably less than about a 
minute and even more preferably less than about 10 seconds. Preferably the irradiation is 
accomplished in one step or stage of the process, but this is not a requirement because more 
than one stage of the process may be used for irradiation. For example, if a uniform step 
duration of about 4 seconds is selected for the process, but an irradiation time of about 6 
seconds is desired, two irradiation stages may be inserted into the process to provide adequate 
irradiation. 
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The requiied irradiation period is a function of the intensity of ^lied radiation, die chosen 
prepolymer, and the particular photoinidator used. A preferred mtensity of ultraviolet 
radiation for poly(vinyl alcohol) prepolymers is about 1-5 milliWatts per square centimeter, 
more preferably about 2 to about 3.5 mW/cm^, and even more preferably about 2.8 to 3.2 
mW/cm^. A preferred wavelength of applied radiation is about 280 to about 380 nanometers* 
more preferably about 305 to about 350 nm. The peak wavelength of the radiation source is 
preferably not within the sailed wavelength range, in order to avoid forming britde lenses. 
Use of a filter to achieve the desired ^lied wavelragth range is preferred to avoid this lens 
brittleness problem. 

One preferred method of applying radiation involves utilizing a means for masking radiation in 
areas outside the lens forming cavity, thereby defining the edge of the lens with die masking 
means. Advantages of this embodiment are diat the edge contour may be accurately and 
precisely controlled* edge defects are minimized, and subsequent edge processing is not 
required In addition, the molds are preferably held a certain distance apart from one another, 
so that a thin annular g^ is formed along the periphery which allows a pathway for excess 
prepolymer to escape. U.S. Patent Application No. 08/274,942 (Hagmaim, et al.) teaches 
some preferred mold half arrangements and designs as well as preferred methods of radiation 
s^lication, and the teachings therein are hereby incorporated by reference. 

5. Interior Leris Body Inspecting 

Subsequent to polymmzation and/or crosslinking, the lens product may be automatically 
inspectedatany of a nuinber of stages in the moldiiig and/or packaging processes. Whileitis 
preferred to inspect the entire lens in one stage, it is not always practical because, inter alia^ 
one-stage inspection methods suffer from image interference by die lens supp(»ting means. 
Also, although there are stages in which the entire lens may be inspected without substantial 
support interference, the stage may be sufficientiy early in die process that another inspection is 
requu-ed before packaging. Thus, in a preferred embodiment, a central area of the lens is 
inspected in one stage, while the periphery or edge of the lens is inspected subsequenUy, or 
vice versa. In a more preferred embodiment, shown in FIG. 1, the body of the lens is inspected 
in a stage immediately subsequent to the irradiation stage. 
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A preferred method of inspecting the body of the lenses is to use an inspection camera and 
associated iUumination source for each row of lenses in the molding tooh A pieferred 
illumination technique is bright field illumination, in which defects appear dark while acceptable 
regions appear light For example, FIG. 4 shows a perspective view of a lens body inspection 
system 60 which includes a pair of detectors 62 and 64 (e.g., cameras such as a CCD camera) 
positioned above the lenses. Ten stationary light sources 66 are positioned below the lenses. 
Each detector sequentially inspects five lenses in this embodiment 

In operation, light shines from the light sources 66 and simultaneously through molding 
cavities 70 and 72 and impinges upon detectors 62 and 64. Detectors 62 and 64 each generate 
a signal, e.g., a digital image of the lens, whidi is conveyed to computer 74. After inspection 
of the first two lenses is acconq>lished, detectors 62 and 64 index forward (shown by arrow in 
FIG. 4) to inspect the next two lenses. Computer 74 compares the signals generated with one 
or more threshold signals or criteria in order to determine whether the lens is of acceptable 
quality. The lens is packaged or discarded in a subsequent stage or stages based on a signal 
relayed from the computer to a downstream controller. 

6. Mold Opening 

Subsequent to the polymerization and/or crosslinking step, and preferably subsequent to the 
central body inspection step, the molds are opened as shown in FIGS. SA and SB. Male mold 
housing 80 is preferably first moved linearly away and then articulated away from the female 
mold housing 82 in order to open the molds. The linear movement preferably occurs relatively 
slowly at first as shown in FIG. 5 A, in order to separate male mold halves 84 from the female 
mold halves 86 witii the lens restmg on one of the mold halves. As shown in FIG. SB, die slow 
linear movement during the step of separating the mold halves is followed by a relatively quick 
articulation of male mold housing 80 to a fully opened position over the remaining radius r 
(e.g., 180*) as shown in FIG. SB. 

The mold half separation step occurs at a relatively slow speed in order to minimize optical 
defects, e.g., Schlieren optics defects or streaking. Schlieren optics defects are essmtially 
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foldings in the lens. The Schlieren defects aie believed to occur when the mold housing 
opening speed occurs at too quickly. The stretching or pulling of the lens only occurs when 
both molds are in contact with a corresponding surface of ttie 1^, so the initial slowed rate of 
linear movement need only occur until at least one of the mold halves is separated from the 
lens. 

The articulation of the male mold housing may be accomplished by any number of means 
known in the art For example, two or more electric motors may be used to articulate the male 
mold housing at two or more speeds. Alternatively, one electric motor with a variable speed 
controller may be used to control articulation rates. In a preferred embodiment, a mechanical 
mechanism (e.g., an electric motor) is actuated to slowly separate the molds and then an 
electronic motor and gear mechanism is actuated to articulate the male mold housing quickly 
after mold separation, Actuation of the articulation means may also occur by any number of 
means known in the art, i.e., electronic, mechanical, optical or any combination ttiereof. The 
control of the rates of articulation may be precisely controlled by a local programmable logic 
controller or by a central computer which controls movements of many or all process steps. 

7. Mold Half Cleaning 

Once die mold halves are sq)arated, unreacted prepolymer may be removed by i^lication of 
solvent, preferably water, to the mold surfaces and lenses. FIG. 6 illustrates a sectional view 
of a prefored post-molding cleaning arrangement 90. Water 92 is disposed onto mold 
surfaces from a plurality of nozzles 94 positioned around the periphery of mold edges. A 
variety of water-dispensing nozzles, or a knife-edge type dispensing nozzle, could be employed 
to dispense water ^ropriately. The dispensed water and any unreacted prepcriymer are 
removed by vacuum tube 96 positioned directly above mold surface. 

Typically, the lens still adheres to the male mold half, so FIG* 6 does not depict a lens resting 
on the female mold half. However, at times, the lens may remain on the female mold half after 
separation of the mold halves. 
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In addition, aiqplication of air streams may be advantageous. For example* a plurality of air 
nozzles may be positioned around the periphery of the moljd, preferably positioned between 
two water nozzles. Application of streams of air along with die water streams may help 
disperse the water across the mold. In addition, the lens may be held in one position better by 
appropriately adjusting the angle of impingement on the lens surface and flow rate of applied 
air* 

Cleariy , a numb» of cleaning arrangements may be envisioned which would be within the 
scope of the invention. For example, the vacuum tubing and water dispensing nozzles may be 
switched such that water is dispensed in the central area while an efiQuent vacuum is applied to 
the periphery of molding surface. Accordingly, the invention is not limited to the particular 
arrangement of post-molding cleaning conqKmrats as disclosed in HG. 6. 

8. Wetting of the Female Mold Half 

Subsequent to the cleaning step, a liquid, e.g., water or saline solution, is preferably applied to 
the female mold surfaces. While this step is optional, a drop or a few drops of water may be • 
added to the mold halves in order to lubricate the lenses to enable the lenses to center 
themselves in the female mold halves. 

Centration of the lenses in the female mold halves is desirable for actions which occur m 
subsequent steps. In particular, it is desirable to niaintain the leiis in a consistent location 
within the female mold half for one or more subsequent inspection stq>s. Furthomore, it is 
preferable to have the lenses located in a consistent location in the female mold halves in order 
to ensure that the location of the lenses on the removal arm, for inspection and/or transfer of 
the lenses to packaging, is consistent and predictable. 

While the lenses are preferably molded from a material which does not require subsequent 
hydration, vacuum ^^plied during the cleaning step may dehydrate the lenses to a certain 
extent. Accordingly, another advantage of adding water to the female mold half may be to 
avoid dehydration. 
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Theiefoie, centering the lens wittiin the female mold half may be accomplished by dispensing a 
liquid to the lens in a first stage and mdexmg the lens to a second stage, thereby providing the 
lens with sufficient lubrication and time to center the lens within the female mold half. While 
the liquid may be dispensed to the center of the mold half, in one embodiment, the liquid is 
applied along the periphery of the female mold half to better ensure the entire surface is 
wetted. While the volume of liquid dispensed is not generally critical, about 0.01 to about 5.0 
milliliters (pxefa:ably about 0.05 to 0.20 ml) is typically dispensed onto the female mold half. 

It should be noted that the previous washing step may be combined with the centering step. In 
other words, application of an aqueous solution to wash the unreacted prepolymer off the lens 
and/or mold halves may simultaneously loosen the lens adhesion to the mold half. Thus, if 
washing and deblocking (i.e., lens-mold separation) are to be achieved in one step, die 
dispensing pressure, dispensing nozzle location and nozzle-to-lens angle should be selected in 
order to simultaneously remove unreacted prq)olymer and effect lens-mold separation. 

Furthermore, the lens may or may not be on the female mold half at this stage (i.e., after 
separation of the mold halves). Thus, the lens may be resting either on the male mold half or 
the female mold half. If the lens is not on the female mold half, which is typically the case, and 
the female mold half is substantially dry, it is still desirable to wet die female mold half. This 
wetting inhibits adhesion of the lens and promotes lens centering when the lens is subsequendy 
transfened from the male mold half to the female nK>Id half. 

As mentioned previously, the mold masking methods of European Patent Application No. 
637,490 (priority application of U.S. Application No. 08^74,942) are a preferred molding 
method in accordance with the present invention. In a preferred embodiment of this method, 
areas outside the molding surfaces of the molds are prevented from impingement of radiation 
with a metallic mask (e.g. a chromium coating in the area of the non-molding surfaces). In 
order to prevent damage (e.g., dissolving) of such a metallic mask, preferably the applied water 
(both washing and centering Uquid) has at least a conductivity of greater than about 100 
microSiemens, more preferably greater than or equal to about 150 microSiemens . 
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9. Tnmsferring Lens from the Male to the Fbmale Mold 

Beforc transferring lenses to packaging from the molds, the exact location of all the lenses 
should be known. Each lens may have adhered either to the male mold half or to the female 
mold half. Typically, the lens will adhere to the male mold half. Furthermore, one or moxe 
lens mold half surfaces may be treated, e.g., by plasma coating, to increase or decrease the 
adhesion force between the lens and the chosen mold half, thereby increasing the probability 
that a lens is located in the chosen mold half. 

In order to ensure that all the lenses are located in the female mold half, a step of transferring 
lenses from male mold halves to female mold halves may be mcluded in ttie process. FIGS. 
7 A-C illustrate side sectional views of a preferred automatic process for transf^ting any lenses 
on male mold halves to female mold halves. In FIG. 7A, robotic arm 102, which is positioned 
above male mold half 106, grasps lens 104 and removes lens 104 from male mold half 106 on 
which it rests. Robotic arm 102 is preferably equipped with a vacuum line and a valve which 
may be electronically controlled, in order to effectuate the grasping and subsequent releasing of 
the lens. 

FIG. 7B shows the rotation of first robotic arm 102 to a position directly opposite second 
robotic arm 108. Lens 104 is transferred to second robotic arm 108, which is positioned 
generally above female mold half 1 10, when die vacuum valve is closed on first robotic arm 
102 and nearly simultaneously opened on second robotic arm 108. 

In FIG. 7C, second robotic arm 108 rotates downwardly, as shown by the arrow, to align lens 
104 with female mold half 1 10. Once the lens and mold half are aligned, the vacuum valve is 
closed thereby allowing lens 104 to be released into female mold half 1 10. 

Preferably, this step is performed on all male molds, regardless of whether lenses exist on die 
mold or not In the vast majority of cases, the female mold half will not contain a lens. 
However, by uniformly applying die step to all male mold halves, the process ensures that all 
lenses are located in the female mold halves. 
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Clearly, a number of variations of the above-described transf^ process may be envisioned. For 
example, it may be preferable to ^ly a positive pressure when releasing the lens, rather than 
merely discontinuing the vacuum. A positive pressure would ensure that die lens will not 
adhere to the robotic aim merely because of hydrostatic or other forces. A variety of other 
lens transfer systmis are within die scope of the invention. 

10. Optional Resting Position 

After any step in the process* the tool may index into a resting position, in order to provide the 
process with a buffer of one or more tools. This arrangement may be advantageous for tooling 
change-overs, i.e., providing one or more positions in which the tools may be easily removed 
and replaced with tooling holding molds with a new optical pow^. 

While one or more resting positions may theoretically be inserted between any two steps, 
certain positions may be more advantageous than others. For example, while insertion of a 
resting position immediately subsequent to the prepolymer dispensing step is within the scope 
of the invention, it would not generally be desirable. Subsequent to prepolymer dispensing it is 
preferred to immediately index to the crosslinking and/or polymerizing step, thereby avoiding 
any potential defects associated with delay (e.g., dehydration of the prepolymer). 

11. Lens Centering 

As mentioned previously, application of an aqueous solution, especially deionized water, is 
preferably sQyplied to the female mold halves in order to lubricate the lenses and mold half 
surfaces, thereby promoting centration of the lenses in the female mold halves. This consistent 
centering of the lenses reduces problems associated with downstream inspection of the lenses 
and transfer of the lenses to packaging. 

While appUcation of an aqueous solution to the female mold surface lubricates the lens and 
mold surface of the female mold half, typically something more is required to promote 
centration of the lens in the female mold half. In particular, some motion of the female mold 
half and some delay time before further processing is preferred, subsequent to 2q>plication of 
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the aqueous solution, in order to allow gravitational forces to encourage the lens to center in 
the female mold half. 

In a preferred embodiment, a centering station is provided in which no operations are 
performed on the lens and female mold half while the lens centers itself. The mere motion of 
the conveyor which moves the lens and female mold half to and from the centering station is 
typically sufQcient to enable the lens to self-center within the female mold half. However, it 
may be preferable to apply some form of energy (e.g., a slight vibration or oscillation) to the 
female mold halves containing lenses during the centering stage. Regardless of die technique 
used, some means for ensuring the lenses are centered within the female mold halves is 
desirable. 

12. Lens Removal and Water Droplet Removal 

The lenses may be removed firom the female mold halves for inspection and/or packaging, 
subsequent to the male-to-female transfer step (9), by any of a number of means known in the 
art. Robotic transfer arms, with a vacuum lines and controllable valves, analogous to those 
used in the lens transfer process, may be used to remove the lenses from the female mold 
halves. 

Prior to inspection of the lenses, surface water droplets are preferably removed. Water 
droplets on the lenses may cause optical distoition which will cause the lens to inadvertratly be 
selected for rejection during the edge inspection process. Accordingly, a mild air stream is 
preferably q>plied to the lenses while the lenses are being held by the robotic transfix arms. 

However, the lens may be dehydrated by application of excessive amounts of air or by air 
whose humidity is too low. In plan view, the hydrated lens edge is circular. Unfortunately, 
even slight dehydration will cause the lens shape to change, thereby distorting the lens edge 
from circular in plan view and impairing automatic inspection of the lens edge. Therefore, 
preferably humid air is blown on the lenses to remove adhering water droplets without 
dehydrating the lens. The air humidity is preferably about 40% relative humidity or higher, 
more preferably about 60-80% relative humidity. 
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13. Lens Edge Inspecting 

As mentioned previously » a preferred embodiment involves inspection of the lens periphery 
while the lens is held centrally by a robotic arm (e.g., by vacuum). FIG. 8 illustrates one 
preferred edge inspection system 1 10, in which a lens 1 12 is held by a robotic arm 1 14 whOe 
inspection occurs. Robotic arm 1 14 indexes downwardly to a position at which peripheral 
light source 1 16 is able to properly illuminate the edge of lens 112. Detector 1 18» e.g. a digital 
camera, is positioned below lens 1 12 and light source 1 16. An image or images generated by 
camera 1 18 is sent to computer 120 for a determination of whether the lens edge meets quali^ 
specifications. 

In detail, a preferred method of peripheral inspection functions as follows. Light source 1 16 
(e.g., a fiber optic ring light) is selected and positioned so that the edge of the lens is 
illuminated with light ray impinging at a glancing angle of iiscidrace. Camera 1 18 views lens 
1 12 through light source 116. The edge of the lens scatters some of the incident light into the 
camera aperture. Thus, the image appears light against a dark background. Two cameras are 
used to index 5 times for the 10 lenses. 

During the inspection procedure, it is advantageous to maintain the lenses in a substantially 
stationary position. In a preferred embodiment, shown in FIG. 8 the leas is stabilized centrally 
by robotic arm 1 14. Furthermore, the periphery of the lens is stabilized in the FIG. 8 
embodimerit by stabilization arms 1 IS. 

The lens may be rejected immediately subsequent to inspection, e.g., by releasing the vacuum 
on the robotic arm and allowing the lens to faU into a disposal bin. Alternatively, defect lenses 
may be rejected at a downstream point For example, defect Irases may be released and 
disposed of immediately before dispensing the lens into a final package. However, preferably, 
defect lenses are released in a station subsequent to the station for dispensing the good quality 
lenses into a final package. An advantage of the latter techniques is that all lens disposal, 
including lenses which were earlier rejected for central lens body defects, may be coordinated 
and accomplished at this point 
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FIG. 8 illustrates tbe inspection of a single lens. The entire array of lenses (e.g., two columns 
of five rows) may be inspected by a scries of cameras and lighting arrays, with a cam^ and 
light source for each lens. However, a more efficient process involves the utilization of one 
camera and light source for each column of lenses. Thus, two cameras, positioned below the 
lens array, may index through the two columns of lenses. The robotic arm with lens (from 
above) indexes down when the camera has indexed into position below the lens. In this 
manner, a smaller number of the more expensive components, i.e. the cameras, are required for 
the process. 

14. Lens Transfer To Packaging /Soraq? Disposal 

Lenses which are selected for rejection, from eiAer of the prior peripheral or cratral mspection 
stages, may be discarded simultaneously immediately prior to, or preferably subsequent to, 
packaging of the high quality lenses. This may be accomplished by using a database whidi 
stores and disseminates the locations of the lenses selected for disposal by the earlier body and 
edge inspection processes. 

One preferred method of effectuating this process involves first moving tbe robotic arms which 
hold the lenses, subsequent to edge inspection, to a station above a conveyor which retains a 
series of individual contact lens packages. A computer which has retained the location of 
unacceptable lenses relays a signal to the conveyor to index forward and place an individual 
contact lens package beneath the lens if the lens was determined to be of acceptable quality. 
However, if the lens was selected for rejection, eidier for edge or body defects, the con^ter 
does not signal the conveyor to index an individual contact lens package forward. Regardless 
of whether the conqiuter generates a conveyor indexing signal, the conqmter subsequently 
generates a signal which causes the lens to be released from die robotic arm (e.g., by closing 
the vacuum valve). If the packaging conveyor has been indexed forward, the lens falls into a 
package for subsequent distribution. 

In a preferred embodiment, poor quality lenses may be discarded in a stage prior to the 
packaging stage. This embodiment provides for a scn^ bin location spatially separated from 
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the packaging conveyor, which offers advantages in access to both the rejection and packaging 
stages. 

While a number of control systems may be envisioned for rejection of the poor quality lenses, 
theie are advantages of discarding all poor quality lenses at one location. For example, this 
process requires only one location for scrap collections and disposal, thereby minimizing the 
number of scrap containers and space consumption associated therewith. However, the 
invention is not limited to the chosen location for disposal of poor quality lenses. 

IS. Saline Dispensing And Package Sealing 

After the contact lens has been placed into the individual lens package, saline may be added to 
the package. Alternatively, saline may be added to the lens package before the lens is released 
into the package. 

If the preferred prepolymer (see herein below) is crosslinked to form the lens, a relatively high 
pH saline is desired in the package. A pH of about 7 to about 9 is preferred. The relatively 
high pH saline is used to complete the hydrolysis of groups on the preferred poly(vinyl alcohol) 
backbone. Preferably, the pH is reduced during autoclaving, subsequent to package sealing, to 
a physiologically acceptable pH. 

Once the saline and the lens have been added to the package, a seal may be releasably affixed 
to the package. Preferably a foil or polymer film, or a conibination thereof, is applied to the 
package as die removable seal. Hie sealant film may be releasably afifixed to the package via a 
number of methods, such as heat sealing, pressure sealing, or application of any of a number of 
adhesives. 

One preferred contact lens package is disclosed in U.S. Patent No. 5,409,104, assigned to 
Ciba-Geigy Corporation, which is incorporated herein by reference. 



16. Mold Qeaning and Drying 
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After ttie lenses are removed from the molding tooI» the molding tool is indexed to a tool 
cleaning stage. The molding tool may be washed with relatively high pressure water streams at 
this stage because no lenses are present which are intended for packaging, i.e., the only lenses 
which remain on the mold halves at this stage are scrap. First, the molding tool is thoroughly 
washed to remove any debris, such as strongly adhered portions of lenses, or any other 
undesirable material. Then, the molding tool is dried, preferably by applying air streams while 
simultaneously applying a slight subatmospheric pressure to remove the dislodged water. 

In one preferred system, air jets are arranged around the periphery of each mold half, both 
male and female. A vacuum effluent tube is positioned over the center of each mold half to 
remove dislodged water droplets. Altemativety, air jets may be applied centrally while a 
peripheral vacuum removes the water. Furtheamore, the vacuum effluent may be omitted if die 
air streams are adjusted appropriately. 

After the molding tool is completely washed and dried, the tool is preferably indexed into the 
prepolymer dispensing position, ready for another production cycle. 

17. Cyclic Series of Process Steps 

A particularly advantageous and novel aspect of many embodiments of the present ophthalmic 
lens manufacturing processes is that one or more series of process steps are cyclic. In contrast 
to the typical molded lens manufacturing process, in which lenses are produced via a set of 
linear process steps using single-use disposable plastic molds, the presmt processes offer 
advantages in process and product consistency and reduced material and time consumption by 
utili^g one or more cyclic processes. 

Preferably, lenses are manufactured by a series of two or more cyclic processes. In a prefmed 
embodiment, the lenses are manufactured by a first repeating cycle which includes steps of 
dispensing liquid prepolymer into a reusable mold which includes male and female mold halves, 
forming the lens, and separating the mold halves. This preferred embodiment furth^ includes a 
second repeating cycle in which the 1ms is removed and transferred to a packaging process. 
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At least one of the repeating cycles preferably includes a step of inspecting said lenses. In a 
preferred embodiment, the lenses are inspected in a central region in the first repeating cycle, 
while a peripheral region or regions are inspected in the second repeating cycle. 

FIG. 9 illustrates a preferred embodiment in which the lens manufacturing process includes two 
cyclic processes. The first cyclic process begins with diq)ensing prepolymer into the female 
mold halves, followed by the steps of: 

mating (i.e., closing) the male and female mold halves, 

forming the lenses (e.g., by applying UV radiation), 

inspecting the lenses, separating the mold halves, 

loosening the lenses and washing unreacted prepolymer from the lenses, 

wetting the female mold halves, 

transferring any lenses on the male mold halves to the female mold halves, and 

cleaning the mold halves. 

After the mold halves are cleaned, the mold halves are mdexed to the pn^polymer dispensing 
stage once again. 

In the FIG. 9 embodiment, subsequent to the lens centering stage, the lenses are grasped and 
removed in the second series of cyclic process steps. Grasping and lens removing is followed 
by lens inspection, depositing of high quality lenses into packaging, and discarding 
unacceptable lenses. 

It should be noted that a wide variety of cyclic process step arrangements may be envisioned 
by a person having ordinary skill in the art, given the extensive disclosure contained hmin. 
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Accordingly, the broadest scope of the invention is not limited to the specific anangement of 
process steps disclosed hereinbefore. 

B. PREFERRED PREPOL YMER MATERIALS 

The invention is not limited to a particular crosslinkable and/or polymerizable material, referred 
to herein also as prepolymer. Howevo:, certain prepolyn^rs are preferred in accordance with 
preferred embodiments of the invention. Preferred prepolymers for use in the process 
according to the invention are those that are soluble in water and that comprise crosslinkable 
groups. In particular, preferred prepolymers include those which are described in U.S. Patent 
No. 5,508,317, issued to Beat MOller on Apr. 16, 1996 and assigned to Ciba-Geigy 
Corporation. U.S. Patent No. 5,508,317 in its entirety is incorporated herein by reference. 

A preferred group of prepolymers, as described in U.S. Patent No. 5,508,317, arc those that 
comprise a 1,3-diol basic structure in which a certain percentage of the 1,3-diol units have been 
modified to a 13-dioxane having in the 2-position a radical that is poljmierizable but not 
polymerized. The poiymerizable radical is especially an aminoalkyl radical having a 
polymerizable group bonded to the nitrogen atom. 

The prepolymer is preferably a dmvative of a polyvinyl alcohol having a weig^it average 
molecular wei^t, Mw» of at least about 2,000 that, based on the number of hydroxy groups of 
the polyvinyl alcohol, conqprises from approximately 0.5 to approximately 80% of units of 
formula 1: 
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wheiein: 

R is lower alkylene having up to 8 carbon atoms, 
R' is hydrogen or lower alkyl and 

R^ is an olefinically unsaturated, electron-attracting, copolymeiizable radical preferably 
having up to 25 carbon atoms. R^ is, for example, an olefinically unsaturated acyl radical of 
formula R^ — CO — , in which 

R^ is an olefinically unsaturated copolymerizable radical having from 2 to 24 carbon atoms, 
preferably from 2 to 8 carbon atoms, especially preferably from 2 to 4 carbon atcmis. In 
another embodunent, the radical R2 is a radical of formula n 

-<:C^NH— (R*— MI--CO^)q--*^— O-^ (II) 

wherein 

q is zero or one and 

R'andR^ are each independently lower alkylene having from 2 to 8 carbon atoms, 
arylene having from 6 to 12 carbon atoms, a saturated divalent cycloaliphatic group having 
from 6 to 10 caibon atoms, arylenealkylene or alkylenearylene having from 7 to 14 carbon 
atoms or arylenealkylenearylene having from 13 to 16 carbon atoms, and 
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is as defined above. 

The preferred prepolymer is therefore especially a derivative of a polyvinyl alcohol having a 
molecular weight of at least about 2,000 that, based on the number of hydroxy groups of the 
polyvinyl alcohol, comprises from approximately 0.S to approximately 80% of units of formula 

m: 




(III) 



where: 

R is lower alkylene, 

R' is hydrogen or lower alkyl, 

p is zero or one, 

q is zero or one, 

R^ is an olefinically unsaturated copolymerizable radical having from 2 to 8 carbon atoms 

and 

R^ and R^ are each independently lower alkylene having from 2 to 8 carbon atoms, 
arylene having from 6 to 12 carbon atoms, a saturated divalent cycloaliphatic group having 
from 6 to 10 carbon atoms, arylenealkylene or alkylenearylene having from 7 to 14 caibon 
atoms or arylenealkylenearylene having from 1 3 to 1 6 caibon atoms. 

Lower alkylene R preferably has up to 8 carbon atoms and may be straight-chained or 
branched. Suitable examples include octylene, hexylene, pratylene, butylene, propylene, 
ethylene, methylene, 2-propylene, 2-butylene and 3-pentylene. Prefi^ably lower alkylene R has 
up to 6 and especially preferably up tc 4 carbon atoms. The meanings methylene and butylene 
are especially preferred 
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is preferably hydrogen or lower alkyl having up to seven, especially up to four, carbon 
atoms, especially hydrogen. 

Lower alkylene R"* or R^ preferably has from 2 to 6 carbon atoms and is especially strai^t- 
chained. Suitable examples include propylene, butylene, hexylene, dimethylethylene and, 
especially prcf^ably, ethylene. 

Arylene R^ or R^ is preferably phenylene that is unsubstituted or is substituted by lower all^l 
or lower alkoxy, especially 1,3-phenylene or 1,4-phenylene or methyl- 1,4-phenylene. 

A saturated divalent cycloaliphatic group or R^ is prefnably cyclohexylene or 
cyclohexylene-lower alkylene, for example cyclohexylenemethyloie, that is unsubstituted or is 
substituted by one or more methyl groups, such as, for example, 
trimethylcyclohexy lenemethylene, for example the divalrat isophorone radical. 

The arylene unit of alkylenearylene or arylenealkylene R^ or R^ is preferably phenylene, 
unsubstituted or substituted by lower alkyl or lower alkoxy, and the alkylene unit thereof is 
preferably lower alkylene, such as methylene or ethylene, especially methylene. Such radicals 
R"^ or R^ are therefore preferably phenyienemetfaylene or methylenephenylene. 

Arylenealkylenearylene or is preferably phenylene-lower alkylene-phenylene having up to 
4 caifoon atoms in the alkylene unit, for exanqile phmy leneethy lenephenylrae. 

The radicals R'* and R^ are each independently preferably lower all^lene having from 2 to 6 
carbon atoms, phenylene, unsubstituted or substituted by lower alkyl, cyclohexylene or 
cyclohexylene-lower alkylene, unsubstituted or substituted by lower alkyl, phenylene-lower 
alkylene, lower alkylene-phenylene or phenylene-lower alkylene-phenylene. 

Within the scope of this invention, the term "^ower"' used in coimection with radicals and 
compounds denotes radicals or compounds having up to 7 carbon atoms, preferably up to 4 
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carbon atoms, unless defined oth^wise. Lower alkyl has especially up to 7 carbon atoms, 
preferably up to 4 carbon atoms, and is, for example, mediyl, ediyl, propyl, butyl or tert-butyl. 

Lower alkoxy has especially up to 7 carbon atoms, preferably up to 4 carbon atoms, and is, for 
example, methoxy, ethoxy, propoxy, butoxy or tert-butoxy; 

The olefmically unsaturated copolymerizable radical having from 2 to 24 carbon atoms is 
pref^ably alkenyl havmg £rom 2 to 24 carbon atoms, especially alkenyl having from 2 to 8 
carbon atoms and especially preferably alkenyl having from 2 to 4 carbon atoms, for example 
ethenyl, 2-propenyl, 3-pn)penyl, 2-butenyl, hexenyl, octenyl or dodecenyl. The meanings 
ethenyl and 2-propenyl are preferred, so that the group -CO-R^ is the acyl radical of acrylic or 
methacrylic acid. 

The. divalent group — — NH — CO — O — is pr&sent when q is one and absent when q is zero. 
Prepolymers in which q is zero are preferred 

The divalent group — CO — ^NH — (R^ — ^NH — CO — 0)q — — O — is present when p is one 
and absent when p is zero. Prepolymers in which p is zero are preferred. 

In prepolymers in which, p is one the index q is preferably zero. Prepolymers in which p is one, 
the index q is zeix) and is lower rlkylene are especially preferred. 

A preferred prepolymer is a derivative of a polyvinyl alcohol having a molecular weiglit of at 
least about 2000 that, based on the number of hydroxy groups of the pdyvinyl alcdiol, 
conqprises from ^^proximately 0.5 to sq[>proximately 80% of units of formula m in which R is 
lower alkylene having up to 6 carbon atoms, p is zero and is alkenyl having from 2 to 8 
carbon atoms. 

A further preferred prepolymer is a derivative of a polyvinyl alcohol having a molecular weijght 
of at least about 2000 that, based on the number of hydroxy groups of the polyvinyl alcohol, 
comprises from approximately 0.5 to approximately 80% of units of formula in in which R is 
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lower alkylene having up to 6 caibon atoms, p is one, q is zero, is lower alkylme having 
from 2 to 6 carbon atoms and is alkenyl having from 2 to 8 carbon atoms. 

Yet a further preferred prepolymer is a derivative of a polyvinyl alcohol having a molecular 
weight of at least about 2000 that, based on the number of hydroxy groups of the polyvinyl 
alcohol, comprises from approximately 0.S to af^roximately 80% of units of formula III in 
which R is lower alkylene having up to 6 carbon atoms, p is one, q is one, R4 is lower alkylene 
having from 2 to 6 carbon atoms, phenylene, unsubstituted or substituted by lower alkyl, 
cyclohexylene or cyclohexylene-lower allt^lene, unsubstituted or substituted by lower alkyl, 
pheny lene-lower alky Irae, lower alkylene-phenylene or phenylme-lower allgrlene-phenylene, 
R^ is lower alkylene having from 2 to 6 carbon atoms and R^ is alkmyl having from 2 to 8 
carbon atoms. 

The preferred prepolymers are preferably derivatives of polyvinyl alcohol having a molecular 
weight of at least about 2000 that, based on the number of hydroxy groups of the poljrvinyl . 
alcohol, comprises from ^proximately 0.5 to approximately 80%, especially approximately 
from 1 to 50%, preferably approximately from 1 to 25%, preferably ^proximately from 2 to 
1 5% and especially preferably ^proximately from 3 to 10%, of units of formula IIL Preferred 
prepolymers which are used for the manufacture of contact lenses con^se, based on the 
nimiber of hydroxy groups of the polyvinyl alcohol, especially from approximately 0.5 to 
approxinuftely 25%, especially sq^iroximately from 1 to 15% and especially preferably 
approximately from 2 to 12%, of units of formula m. 

Polyvuiyl alcohols that can be derivatised for obtaining a preferred prepolymer preferably have 
a molecular weight of at least 10,000. As an upper lunit the polyvinyl alcohols, may have a 
molecular weight of up to 1,000,000. Preferably, the polyvinyl alcohols have a molecular 
weight of up to 300,000, especially up to approximately 100,000 and especially preferably up 
to approximately 50,000. 

Polyvinyl alcdiols suitable in accordance with the inventicm usually have a poly(2* 
hydroxy)ethylene structure. The polyvinyl alcohols may, however, also comprise hydroxy 
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groups in the form of 1,2-glycols, such as copolymer units of 1^-dihydroxyethylene, as may be 
obtained, for example, by the alkaline hydrolysis of vinyl acetale/vinylene caifoonale 
copolymers. 

In addition, the polyvinyl alcohols for obtaining a prefened prepolymer may also comprise 
smaU proportions, for example up to 20%, preferably up to 5%, of copolymer units of 
ethylene, propylene, acrylamide, metibacrylamide, dimetfaac^lamide, hydroxyethyl 
methacrylate, methyl methacrylate, methyl acrylate, ethyl acrylate, vinylpyrrolidone, 
hydroxyethyl acrylate, allyl alcohol, styrene or similar customarily used comonomers. 

Commercially available polyvinyl alcdiols may be used, such as, for example, Vinol® 107 
produced by Air Products (MW=22,000 to 31,000, 98-98.8% hydrolysed), Polysciences 4397 
(MW=25,000, 98.5% hydrolysed), BF 14 produced by Oian Chun, Elvanol® 90-50 produced 
by DuPont, UF-120 produced by Unitika, Moviol® 4-88, 10-98 and 20-98 produced by 
Hoechst. Other manufacturers are, for example, Nippon Gohsei (Gohsenol®), Monsanto 
(Gelvatol®), Wacker (Polyviol®) and the Japanese manufacturers Kuraray, Denki and Shin- 
Etsu. The molecular weights referenced herein are weight average weights, Mw, determined by 
gel permeation chromatography, unless otherwise specified. 

As already mentioned, it is also possible to use copolymers of hydrolysed vinyl acetate, which 
are obtainable, for example, in the form of hydrolysed ethylene/vinyl acetate (EVA), or vinyl 
chloride/vinyl acetate, N-vinylpyrroUdoneAdnyl acetate and maleic acid anhydrideMnyl acetate. 

Polyvinyl alcohol is usually prepared by hydrolysis of ttie corresponding homopolymeric 
polyvinyl acetate. In a preferred embodiment, the polyvinyl alcohol for obtauiing a preferred 
prepolymer comprises less than 50% of polyvinyl acetate units, especially less than 20% of 
polyvinyl acetate units. Preferred amounts of residual acetate units in the polyvinyl alcohol for 
obtaining a preferred prepolymer, based on the sum of vinyl alcohol units and acetate units, are 
approxunately from 3 to 20%, preferably approximately from 5 to 16% and especially 
q)proximately from 10 to 14%. 
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The compounds comprising units of f onnula III may be prepared in a manner known per se. 

The prepolymers of formulae I and HI are extraordinarily stable. The prepolymers of formulae 
I and in can furthermore be purified in a manner known per se, for example by precipitation 
with acetone, dialysis or ultrafiltration, ultrafiltration being especially preferred. By means of 
that purification process the prepolymers of formulae I and IQ can be obtained in extremely 
pure form, for example in the form of concentrated aqueous solutions that are finee, or at least 
substantially free, from reaction products. 

The prepolymers of formulae I and in are crosslinkable in an extremely effective and 
controlled manner, especially by photocrosslinking. 

Moldings may be obtained by photocrosslinking a prepolymer comprising units of formula I or 
m in the absence or presence of an additional vinylic cdmonomer. Those polymers are water- 
insoluble. 

In the case of photocrosslinking, it is appropriate to add a photoinitiator which can initiate 
radical crosslinking. The photopolymerization may occur in the presence of a solvent, which is 
preferably water. 

The photocrosslinking is carried out preferably directly from an aqueous solution of the 
prefeired prepolym^, which can be obtained by the prefened purification stq>, ultrafiltration, 
where appropriate after the addition of an additional vinylic comonomen For example, an 
^proximately IS to 40% aqueous solution can be photocrosslinked 

The vinylic comonomer which, in accordance with the invention, may be used in addition in the 
photocrosslinking, may be hydrophilic or hydrophobic, or a mixture of a hydrophobic and a 
hydrophilic vinylic monomer. Suitable vinylic monomers include especially those customarily 
used in the manufacture of contact lenses* and are known to persons having ordinaiy skin in 
the art. 
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Generally, ^proximately £rom 0.01 to 80 units of a typical vinylic comonomer react p^ unit of 
formula I or m. 

If a vinylic comonomer is used, the crosslinked polymers preferably comprise approximately 
from 1 to 15%, especially preferably approximately from 3 to 8%, of units of formula I or m, 
based on the number of hydroxy groups of the polyvinyl alcohol, which are reacted with 
approximately from 0. 1 to 80 units of the vinylic monomer. 

The proportion of the vinylic comonomm, if used, is preferably from 0.5 to 80 units per unit 
of formula I, especially from 1 to 30 units per unit of formula I, and especially preferably from 
5 to 20 units per unit of formula I. 

The preparation of a substantially aqueous solution of a water-soluble pr^olymer that 
comprises crosslinkable groups can be carried out in a manner known per se, for example by 
synthesis of the prepolymer in a substantially aqueous solution or by isolation of the 
prepolymer for example in pure form (i.e., free from undesired constituents) and dissolution 
thereof in a substantially aqueous mediunu 

Substantially aqueous solutions of the prepolymer comprise especially solutions of the 
prepolymer in water, in aqueous salt solutions, especially in aqueous same solutions that have 
an osmolarity of ^^proximately from 200 to 450 milliosmol per 1000 ml (unit: mOsm/I), 
preferably an osmolarity of approximately from 250 to 350 mOsm/1, especially approximately 
300 mOsm/1, or in mixtures of water or aqueous salt solutions with physiologically tolerable 
polar organic solvents, such as, for example, glycerol. Solutions of the prepolymer in water or 
in aqueous salt solutions are preferred. 

The substantially aqueous solution of the prepolymer defined hereinbefore is preferably a pure 
solution which means a solution which is free or essentially free from undesired constituents. 
Especially preferred exannples of such solutions are a solution of the prepolymer in pure water 
or in an artificial lacrimal fluid. 
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The viscosity of the solution of the prq)olymer in the substantially aqueous solution is, within 
wide limits, not critical, but the solution should preferably be a flowable solution that can be 
deformed strain-free. 

The molecular weight of the prepolymer is also, within wide limits, not critical. Preferably, 
howevOT, the prepolymer has a molecular weight of from jqiproximately 10,000 to 
approximately 200,000. 

In a preferred embodiment, die prepolymer contains crosslinkable groups. "Crosslinkable 
groups*' denotes customary crosslinkable groups well-known to the person skilled in the art, 
such as, for exanq)le, photocrosslinkable or tfiermally crosslmkable groups. Crosslinkable 
groups such as those already proposed for the preparation of contact lens materials are 
especially suitable. Those include especially, but not exclusively, groups comprising carbon- 
carbon double bonds. To demonstrate the large variety of suitable crosslinkable groups, there 
are mentioned here, merely by way of example, the following crosslinking mechanisms: radical 
polymerization, 2+2 cyclo-addition, Diels-Alder reaction, ROMP (Ring Opening Metathesis 
Polymerization), vulcanisation, caticnic crosslinking and epoxy hardening. 

Suitable water-soluble prepolymers that comprise crosslinkable groups are, for example, 
compounds comprising units of formula I It is also possible, however, to use in the process 
oth^ water-soluble prepolymers that conqnrise a polymeric backbone and also crosslinkable 
groups. 

Suitable polymeric backbones mclude, besides polyvinyl alcohol, materials such as those 
already proposed in some cases as contact lens materials, for example polymeric diols other 
than PVA, polymers comprising saccharides, polymers comprising vinylpyrrolidone, polymers 
comprising alkyl(meth)acrylates, polymers comprising alkyl(meth)acrylates that have been 
substituted by hydrophilic groups, such as by hydioxy, carboxy or by amino, polyall^lrae 
glycols, or copolymers or mixtures thereof. 
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The piepolymer used in accordance witfi the invention preferably comprises ciosslinkable 
groups in an amount of from approximately 0.5 to approximately 80% equivalents, based on 
the equivalents of monomers that form the polymeric backbone, especially approximately from 
1 to 50%. preferably approximately from 1 to 25%, preferably ^proximately from 2 to 15% 
and especially preferably ^proximately from 3 to 10%. Also especially prefored are amounts 
of crosslinkable groups of from ^^proximately 0.5 to approximately 25% equivalents, 
especially approximately from 1 to 15% and especially preferably q>proximately from 2 to 
12%, based on the equivalents of monomers that form the polymeric backbone. 

As already mentioned, a criterion for the suitability of a preferred prepolymer is that it is a 
crosslinkable prepolymer, but the prepolymer is uncrosslinked, or at least substantially 
uncrosslinked, so that it is water-soluble. 

In addition, the prepolymer is advantageously stable in the uncrosslinked state, so that it can be 
subjected to purification as described hereinbefore in connection with compounds comprising 
units of formula L The prepolymers are preferably used in form of a pure solution in the 
process according to the invention. The prepolymers can be converted into the form of a pure 
solution for exan^>le in the manner disclosed hereinafter. 

Preferably, the prepolymers used m the process acco!ding to the invention can be purified in a 
manner known per se, for example by precipitation with organic solvents, such as acetone, 
filtration and washing, extraction in a suitable solvent, dialysis or ultrafiltration, ultrafiltraticm 
being especially preferred. By means of tiiat purification process the prepolymm can be 
obtained in extremely pure form, for exanq)le in the form of concentrated aqueous solutions 
that are free, or at least substantially free, from reaction products, such as salts, and from 
starting materials, such as, for example, non-polymeric constituents. 

The preferred purification process for the prepolymers used in the process according to the 
invention, ultrafiltration, can be carried out in a manner known per se. It is possible for the 
ultrafiltration to be carried out repeatedly, for example from two to ten times. Alternatively, 
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the ultrafiltration can be carried out continuously until the selected degree of purity is attained 
The selected degree of purity can in principle be as high as desired. A suit£d)le measure for ttie 
degiee of purity is, for example, the sodium chloride content of the solution, which can be 
determined simply in known manner. 

In a preferred embodiment of the process according to the invention there is prepared a 
substantially aqueous solution of the prepolymer that is substantially free from undesired 
constituents, such as, for exanq)le, free from mcxiomeric, oligommc or polymeric starting 
compounds used for the preparation of the prepolymer, and/or free from secondary products 
formed during the preparation of the prepolymer. The substantially aqueous solution is more 
preferably a pure aqueous solution or a solution in an artificial lacrimal fluid, as defined 
hereinbefore. It is also preferable to cany out the process according to the invention without 
the addition of a comonomer, for example a vinylic comonomer. 

On the basis of one of the measures mentioned in the above paragr£q)h, and especially on the 
basis of a combination of the measures mentioned in the above paragraph, the solution of the 
prepolymer used in the process according to the invention is one that comprises no, or 
substantially no, undesired constituents that would have to be extracted after a crosslinking 
operation. A particular feature of this preferred embodiment of the process according to the 
invention is therefore that the extraction of undesired constituents foUowing crosslinking can 
be dispensed with. 

The process according to the invention is tiieref ore preferably carried out in such a manner that 
the substantially aqueous solution of the water-soluble prepolym^ comprising crosslinkable 
groups is free or substantially free of undesired constituents, such as especially monomeric, 
oligomeric or polymeric starting compounds used for the prq)aration of the prepolymer, or 
secondary products that have formed during the preparation of the prepolymer, and/or that the 
solution is used without the addition of a comonomer, so that the extraction of any undesired 
constituents in the further course of the process can be dispensed witii. 
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Qne additive that is added, where s^>propriale» to the solution of tfie piepolymer is an initiator 
for the ciosslinking, should an initiator be required for crosslinking the crosslinkable groups. 
That may be the case especially if the crosslinking is carried out by photocrosslinking, which is 
preferred in the process according to the invention. In the case of photocrosslinking, it is 
appropriate to add a photoinitiator which can initiate radical crosslinking. Examples thereof are 
familiar to the person skilled in the art and suitable photoinitiators that may be mentioned 
specifically are benzoin methyl ether, 1-hydioxycyclohexylphenyl ketone, or a commercial 
product such as DAROCUR® or IRGACUR® types, e.g. DAROCXIR® 1 173 or IRGACUR® 
2959. 

The crosslinking is triggered in the mold, for exanqple by actinic radiation, such as, for 
exanq)le, UV Ught, or by ionising radiation, such as, for example, gamma radiation, electron 
radiation or X radiation. Ultraviolet (UV) radiation is preferred. The crosslinking can where 
appropriate also be triggered thermally. Attention is drawn to the fact that the crosslinking can 
be carried out according to the invention in a very short time, for example in less than five 
minutes, preferably in less than one minute, more preferably in up to 30 seconds, and especially 
in less than 10 seconds. 

Since the solution of the prepolymer preferably does not comprise any undesired low* 
molecular constituents, the crosslinked product, too, does not comprise any such constituents. 
Therefore subsequent extraction is not necessary. Since the crosslinking is carried out in a 
substantially aqueous solution, subsequent hydration is not necessary. Those two advantages 
mean, inter alia, that a conq>licated after-treatmrat of the resulting moldings, espedaUy contact 
lenses, is dispensed with. The contact lenses obtainable in accordance with the process 
according to the invention are therefore distinguished by the fact that they are suitable for their 
intended use without extraction. ''Intended use" in this context means especially that the 
contact lenses can be used on the human eye. The contact lenses obtainable in accordance with 
the process according to the invention are also distinguished by the fact that they are suitable 
for their intended use without hydration. 
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The invention has been described in detail, wiA lef^tence to certain pief ened ^nbodiments, in 
order to enable ttie reader to practice the invention without undue experimentation. However, 
a person having ordinary skill in the ait will readily recognize that many of the components and 
parameters may be varied or modified to a certain extent without departing from the scope and 
spirit of the invention. Furthermore, titles, headings, definitions or the like are provided to 
enhance the reader's comprehension of this document, and should not be read as limiting the 
scope of the present invention. Accordingly, the intellectual property rights to this invention 
are defined only by the following claims and reasonable extensions and equivalents thereof. 
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CLAIMS 



1. A cyclic process for producing a plurality of moldings, comprising: 

(a) dispensing prepolymer material into a female mold half; 

(b) mating a male mold halfto the female mold half; 

(c) applying radiation to crosslink and/or polymerize the prepolymer material to form a 
molding; 

(d) separating the male mold halffrom the female mold half; 

(e) washing the molding to remove unreacted prepolymer; 

(f) ensuring the moldmg is adjacent a selected mold half; 

(g) grasping the molding in a central area to remove the molding from the selected 
mold half; 

(h) depositing an acceptable molding into packaging; 

(i) cleaning the male and female mold halves; and 

(j) indexing the male and female mold halves to a position for dispensmg prepolymer. 

2. A process of claim 1, wherein said process includes at least one step of inspecting ttie 
moldings. 

3. A process of claim 2, wherein said inspecting comprises: 

(1) inspecting central portions ofthemolduig for defects; and 

(2) inspecting peripheral regions of the molding for defects. 
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4. A process of claim 1 , wherein said process further comprises the step of centering the 
molding within the female mold half prior to the step of grasping the moldmg in a central area 
to remove the moldings from the mold half. 

5. A process of claim 3, further comprising at least partially drying the molding to remove 
surface water which may impair inspection of the moldings prior to die step of inspecting the 
edges of the moldings for defects. 

6. A process of claim 3, wherein said inspecting of central portions of the moldings for defects 
occurs immediately subsequent to said step of applying radiation to crosslink and/or 
polymerize the prepolymer material. 

7. A process of claim 1 » wherein the cycle time for each stsp is less than about one minute. 

8. A process of claim 7, wherein the cycle time for each step is less tlian about 10 seconds. 

9. A process of claim 1, wherein the step of ensuring the molding is adjacent the selected mold 
half comprises a step of transferring any moldings resting on the non-selected mold half to the 
corresponding selected mold half. 

10. A process of claim 9» wherein the selected mo!d half is the female mold half and the non- 
selected mold half is the male noold half. 
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11. A process for producing a plurality of moldings utilizing a plurality of molds, comprising: 

(a) dispensing prepolymer into female mold halves; 

(b) mating male mold halves to the female mold halves; 

(c) applying radiation to crosslink the crosslinkable material to form moldings; 

(d) inspecting central portions of the moldings for defects; 

(e) separating the male mold halves from tibe female mold halves; 

(f) washing the mold halves to remove umeactedcrossliiikableixiaterial; 

(g) transferring any moldings on the male mold halves to the female mold halves; 

(h) centering the moldings within the female mold halves; 

(i) grasping the moldings in a central area to remove the moldings from the mold 
halves; 

(j) at least partially drying the moldings to remove surface water which may impair 

inspection of the moldings; 
(k) inspecting the edges of the moldings for defects; 
G) depositing acceptable moldings into packaging; 
(m) cleaning the male and female mold halves; and 

(n) indexing the male and female mold halves to a. position for dispensing crosslinkable 
material. 



12. A process of claim 1 , wherein said prepolymer is a derivative of a polyvinyl alcohol having 
a weight average molecular weight Mw of at least about 2,000 that, based on the number of 
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hy dioxy groups of the polyvinyl alcohol, comprises frwn i^>pioximately 0.5 to approxunately 
80% of units of formula I : 



wherein: 

R is lower alkylene having up to 8 carbon atoms, 

is hydrogen or lower alkyl and 
R^ is an olefinically unsaturated, electron-attracting, copolymmzable radical. 

13. A process of claim 1 , wherein said moldings are ophthalmic lenses. 

14. A molding process of claim 13, wherein said ophthalmic lenses are contact lenses. 

15. A process of claim 1 1, wherein said moldings are ophthalmic lenses. 

16. A process of claim 1, wherein said dispensing is conducted in an atmosphere having a 
relative humidity of at least SS%. 
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17. A process of claim 1 , wherein said dispensing is conducted through a dispensing tip which 
remains in contact with said polymerizable and/or crosslinkable material upon completion of 
the dispensing. 

18. A process of claim 1, wherein the mold halves are reused to produced at least 10,000 
moldings. 

19. A process of claim 1, which utilizes a molding assembly housing a plurality of removable 
male and female mold halves, comprising a male molding assembly housing a plurality of male 
mold halves removably affixed thereto; and a female molding assembly housing a plurality of 
female mold halves removably afBxed thereto, wherein the mating of the male and female mold 
halves is accomplished by: 

(a) articulating the male assembly in an arcuate movement; and 

(b) subsequently moving the male assembly substantially linearly to a position in which 
die male and female meld halves mate. 

20. A process of claim 1, wherein a plurality of male mold halves are mated with a plurality of 
corresponding female mold halves and all of said mating occurs substantially simultaneously. 

21. A process for the manufacture of ophthalmic lenses comprising a step of mating a male 
mold half, which is releasably afRxed to a male mold housing, to a female mold half, which is 
releasably affixed to a female mold housing, whmin the male mold housing and female mold 
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housing aie affixed to on another by a hinge means, said step of mating male and female mold 
halves con^rising: 

(a) articulating the male mold housing about the hinge means at a relatively fast angular 
articulation rate to a position in which the corresponding male and female mold halves are 
substantially aligned; and 

(b) moving the male mold housing substantially linearly at a relatively slow rate to a 
position in which the corresponding male and female mold halves are mated to form molding 
cavities. 

22. A process of claim 2 1 , wherein articulating of the nude mold housing occurs over an angle 
of about 9(y to about 270^ relative to tht female mold housing. 

23. A process of claim 22, wherein articulating of the male mold housing occurs over an angle 
of about \5(f to about 2l(f relative to the female mold housing. 

24. A pix)cess of claim 21, wherein said angular articulating occurs at a speed of about 100° to 
about 500° per second. 

25. A process of claim 21, wherein said linear moving occurs at a speed of about 0.1 to about 
2.0 millimeters per second. 

26. A process of claim 21 , wherein each of said housings includes a plurality of mold halves 
which are removably affixed to said housings. 
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27. A process of claim 26, wherein each of said housings includes about S to about 20 mold 
halves. 

28. A pnx:ess of claim 21, wherein about 5 to about 20 male mold halves are removably 
affixed to a male mold housing and a corresponding number of female mold halves are 
removably affixed to a female mold housing, wherein said housings are hingedly attached to 
one another, and wherein said mold halves are mated by: 

(a) articulating the male mold housing about the hinged attadbment at a speed of about 
100^ to about 500° per second to a position in which the corresponding male and female mold 
halves are substantially aligned; and 

(b) moving the male mold housing substantially linearly at a speed of about 0. 1 to about 
2.0 millimeters per second to a position in which the corresponding male and female mold 
halves are mated to form molding cavities. 

29. A molding assenibly including a plurality of removable male and female mold halves, 
ccmiprising: 

(a) a male housing having a plurality of male mold halves which are removably affixed 
to die male housing; and 

(b) a female housing having a plurality of female mold halves removably affixed to the 
female housing, 

wherein said housings are affixed to one another such that at least one of the housings may be 
angularly articulated to a position in whidi the male and female mold halves are substantially 
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aligned, so diat a substantially linear motion may be made by at least one of the housings to a 
position in which the male and female mold halves mate. 

30. A molding assembly of claim 29, wherein each of said male and female molding assemblies 
includes about 5 to about 20 mold halves. 

31. A molding assembly of claim 30, wherein the mold halves in eadi of said male and female 
molding assemblies are arranged in an auay of two or more rows with each row having an 
equal number of mold halves, said number ranging from 3 to 10. 

32. A molding assembly of claim 29, wherein at least one of the set of male mold halves or the 
set of female mold halves is formed from quartz. 

33. A molding assembly of claim 29, wherein the mold halves of at least one of the set of male 
mold halves or the set of female mold halves includes a periph^al region which blocks 
ultraviolet light during polymerizing and/or crosslinking, thereby precisely defining the edge of 
the lenses which are formed. 

34. A molding assembly of claim 29, wherein said male and female mold halves are reused for 
to produce at least 10,000 lenses. 

35. A process for manufacturing ophthalmic lenses including a cycUc arrangement of steps in 
which the mold halves are cleaned and reused. 
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36. A process of claim 35, wherein the mold halves are used to produce at least 1(XX) lenses. 

37. A process of claim 36, wherein the mold halves are used to produce at least 10,000 lenses. 

38. A process of claim 43, wherein the mold halves arc used to produce at least 1,000,000 
lenses. 

39. A process of claim 37, wherein said ophthalmic lenses are contact lenses. 

40. A process for production of ophthalmic lenses which includes a st^ of dispensing liquid 
prepolymer into a female mold half in an atmosphere having a relative humidity of at least 
55%. 

41. A process of claim 40, wherein the relative humidity is about 60% to about 80%. 

42. A process of claim 40, wherein said dispensing is conducted at a height of abdut 0. 1 mm 
to about 5 mm from a surface of the female mold half 



43. A process of claim 42, wherein said dispensing is conducted at a height of about 1 mm to 
about 3 mm from a surface of the female mold half 
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44. A process of claim 43, wherein said disp^ising is conducted at a height of about 1.5 nun 
to about 2.5 nun from a surface of the female mold half 

45. A process of claim 40, wherein said dispensing is conducted at a horizontal (Ustance of 
about 1 to about 6 mm from the central axis of synunetry of the mold half. 

46. A process of claim 45, wherein said dispensing is conducted at a horizontal distance of 
about 4 to about 6 mm from the central axis of symmetry of the mold half. 

47. A process of claim 40, wherein said dispensing is conducted: 

(a) in an atmosphere having a relative humidity of at least 55%; 

(b) at a height of about 0.1 nmi to about 5 inm from a surface of the feinale mold half; 

and 

(c) at a horizontal distance of about 1 to about 6 mm from the central axis of symmetry 
of the mold half. 

48. A process of claim 47, wherein said dispensing is conducted: 

(a) in an atmosphere having a relative humidity of about 60% to about 80%; 

(b) ataheightof about 1 nmi to about 3 mm frt)m a surface ofthefeniale mold half; and 

(c) at a horizontal distance of about 4 to about 6 imn from the central axis of symmetry 
of the mold half. 
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49. A process of claim 40, wherein said dispensing is conducted throu^ a dispensing tip 
which remains in contact with said polymerizabie and/or crosslinkable material upon 
completion of the dispensing. 

50. A process of cleaning an ophthabnic molding which is disposed on a mold half to remove 
unreacted prepolymer material from which the lens was formed, comprising: 

(a) applying a liquid stream to said lens; and 

(b) simultaneously applying a vacuum to remove effluent; 
wherein said process does not dislodge said molding fix>m said mold half. 

51. A cleaning process of claim 50, further comprising applying one or more streams of air to 
said lens. 

52. A cleaning process of claim 50, wherein said vacuum is ^lied vertically over the top of 
said lens, while said water is applied peripherally to said lens. 

53. A cleaning process of claim 50, comprising: 

(a) s^lying a plurality of aqueous liquid streams peripherally to said lens; 

(b) applying a plurality of air streams peripherally to said lens; and 

(c) applying a vacuum vertically over said lens to remove effluent. 

54. Aprocessof claim 50, wherein the liquid has a conductivity of greater than about 1000 
microSiemens. 
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55. A process of centering an ophthalmic moldmg on a female mold half, conqnising: 

(a) dispensing an aqueous solution onto the female mold half in a first stage; 

(b) dispensing a lens, with the concave side facing up, into a female mold half in a 
second stage; and 

(b) indexing the lens to a diird stage, 
thereby providing the lens widi sufiRcient lubrication and time to center the \en& within the 
female mold half. 

56. A process of claim 55, wherein said liquid is an aqueous solution. 

57. A process of claun 55, wherein said liquid is applied along the periphery of said 1^. 

58. A process of claim 55, wherein about 0.05 to about 0.20 milliliters of an aqueous solution 
is dispensed onto said lens. 

59. A process of claim 55, wherein the liquid has a conductivity of greater than about 1000 
microSiemens. 

60. A method for ensuring an ophthalmic lens is located on a chosra mold half in a double- 
sided ophtfiahnic lens molding process, cominising: 

(a) moving a first grasping means to a position adjacent a lens resting location on a 
first mold half; 
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(b) activating said first grasping means, thereby removing any lens resting on the first 
mold half; 

(c) moving said first grasping means to a position adjacent a second grasping means; 

(d) activating said second grasping means and deactivating said first grasping means, 
Aereby transferring any lens held by said first grasfnng means to said second graspmg 

means; 

(e) moving said second grasping means to a position adjacent said second mold half; 
and 

(f) deactivating said second grasping means, diereby releasing any lens retained 
thereby onto said second nK>ld half. 

61. A method of claim 60, wherein the chosen mold half is a female mold half. 

62. A method of claim 60, wherein each of said first and second grasping means comprise a 
robotic arm having vacuum tubing attached thereto, said tubing providing a conduit to a 
grasping end of said robotic arm, wherein activation of said grasping means occurs when a 
valve is opened to allow vacuum to be exerted on said grasping end and deactivation occurs 
when a valve is closed thereby discondnuing the vacuum. 

63. A method of claim 62, wherein deactivation further comprises applying a positive air 
pressure through said grasping end of said robotic arm. 
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64. A method of claim 60, wherein said method is a stage in a cyclic lens production process 
and wherein said activation and deactivation are signaled by an electronic controlling means 
which controls the cyclic lens production process. 

65. A process for inspecting peripheral areas of an ophthalmic l^is which is grasped and 
stabilized in a central area of the lens, comprising: 

(a) grasping and stabilizing an ophthalmic 1^ in a cratral region; 

(b) illuminating a peripheral region of the ophthalmic lens; 

(c) forming an image of the peripheral region of the ophthalmic lens with a camera 
means; and 

(d) evaluating the image in order to determine whether to reject a lens or adjust 
process parameters. 

66. A process of claim 65, wherein water is removed from said lens prior to inspection 
without substantially dehydrating said lens. 

67. A process of producing a finished ophthalmic molding product from a liquid prepolymcr 
material, wherein said lens product is packaged in a container suitable for distribution to 
consumers, and wherein said process is completed in less than about 20 minutes. 

68. A process of claim 67 in which said process is completed in less than about 10 minutes. 

69. A process of claim 68 ui which said process is completed in less than about 2 minutes. 
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70. A process of claim 69 in which said process is completed in less than about 1 minute. 

71. A process of claim 67, wherein at least a portion of the process is cyclic and molds used in 
the process are reused repeatedly. 

72. A process of claim 7 1 , wherein the molds are used at least 10,000 times. 

73. A process of claim 72, wherein the molds are reused at least 1 »000,000 times. 

74. A process for the manufacture of ophthalmic lenses, wherein said process includes msm 
than one series of st^ which are cyclic in nature, comprising: 

(a) a first repeating cycle which includes steps of: 

(1) dispensing liquid pr^lymer into a reusable mold which includes male and 
female mold halves; 

(2) forming the lens; and 

(3) separating the mold halves; and 

(b) a second repeating cycle including: 

(1) removing the lens from a mold half; and 

(2) transferring the lens to a packaging process. 

75. A process of claim 74, wherein: 

(a) the first repeating cycle includes the steps of : 
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(1) dispensing prepolymermaterid into a female iiM>ldha^ 

(2) mating a male mold half to the female mold half; 

(3) applying radiation to crosslink and/or polymerize the pr^olymer material to form 
an ophthalmic Iras; 

(4) sq)arating the niale mold half from the feniale mold half; and 
(b) the second repeating cycle includes the step of: 

(1) depositmg acceptable moldings into packaging; and 

76. Aprocessof claim 75, wherein: 

(a) the first repeating cycle includes the steps of: 

(1) dispensing prepolymermat^al into a female mold half; 

(2) mating a male mold half to the fmiale mold half; 

(3) applying radiation to crosslink and/or polymerize the prepolymer material to form 
an ophthalmic lens; 

(4) sq)arating the male mold halffromAe female mold half; 

(5) washing the lens to remove unreacted prepolymer, 

(6) ensuring the lens is adjacdit a selected mold half; 

(7) cleaning the male and female mold halves; and 

(8) indexing the male and female mold halves to a position for dispensing prepolymer» 
and 

(b) the second repeating cycle includes the steps of: 

(1) grasping lenses in a central area to remove the molding from the selected mold 
half; 
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(2) depositing acceptable moldings into packaging; and 

(3) discarding unacceptable lenses in a waste container, 

wheiein at least one of said repeating cycles includes a step of inspecting said lenses. 

. A process of claim 76, wherein: 

(a) the first repeating cycle includes the steps of: 

(1) dispensing prepolymer material into a female mold half; 

(2) mating a male mold halfto the female mold half; 

(3) applying radiation to crosslink and/or polymerize the prq)olymer mataial to form 
an ophthalmic lexis; 

(4) separating the male mold halffrom the female mold half; 

(5) washing the lens to remove unreacted prepolymer; 

(6) ensuring the lens is adjacent a selected mold half; 

(7) inspecting a central region of the ophthalmic lens; 

(8) cleaning the male and female mold halves; and 

(9) indexing the male and female mold halves to a position for dispensing prq)olym^ 
and 

(b) the second repeating cycle includes the steps of : 

(1) grasping lenses in a central area to rraiove the molding from the selected mold 
half; 

(2) inspecting a peripheral region of the ophthalmic lens; 

(3) depositing acceptable moldings into packaging; and 

(4) discarding unacceptable lenses in a waste container. 
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A process of claim 74, whercin the molds are reused at least 10,000 times. 



A process of claim 74, wherein the process is complete in less than about 20 minutes. 
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